The recent observation of PeV neutrinos at the IceCube Neutrino Observatory has revived interest in deploying large-exposure optical air shower detectors at the South Pole. The main challenge for such detectors, which were last deployed at the Pole in the 1990s, is the poor atmospheric conditions prevalent during austral winter. To investigate the clarity of the atmosphere we have studied archival weather data from the Atmospheric Research Observatory at the South Pole. Using several years of winter measurements with radiosondes and the MPLNET 532 nm lidar station, we obtained estimates of the cloud coverage and optical clarity of the site. Based on past data, it is likely that an optical detector will achieve <45% uptime during the dark period at the Pole, making the total annual live time comparable to the live time of optical air shower detectors in the middle latitudes.
Introduction
The discovery of astrophysical neutrinos by the IceCube collaboration [1, 2, 3] has created interest in deploying large-scale air shower detectors at the South Pole. The detection of air shower particles in time coincidence with a neutrino observation inside the IceCube detector can provide an excellent veto of the downgoing atmospheric neutrinos produced by cosmic rays. Although the IceCube Neutrino Observatory currently has a "veto layer" in the form of the 1 km 2 IceTop air shower array, the array can only be used to veto atmospheric neutrinos from a limited set of near-vertical shower geometries. Therefore, the extension of the surface array to allow coverage of a large fraction of the southern sky is well motivated [4] .
While an extension of IceTop is the most likely path to a very large-scale air shower detector at the Pole, other technologies such as air Cherenkov telescopes are under consideration [5] . Air Cherenkov detectors were previously proposed [6] and operated [7] at the Pole in the context of gamma-ray astronomy. These telescopes can only operate during dark periods (about 40% of the year at the South Pole) but could perform a dual role as an air shower veto and as a gamma-ray detector.
Unfortunately the livetime of air Cherenkov telescopes is also limited by weather conditions such as clouds, precipitation, and high winds. Even within Antarctica, the South Pole is a particularly harsh environment for astronomical observations, suffering from extreme cold, strong wind, and being located several hundred meters inside the particle boundary layer [8] .
To evaluate the feasibility of deploying and operating air Cherenkov detectors at the South Pole, we have studied archival weather data from Antarctica, focusing specifically on atmospheric clarity (clouds and aerosols). In the next section we describe the data used to estimate cloud coverage at the South Pole during the dark period of austral winter, followed by a discussion of our results and a comparison to previous observations. 
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Lidar Data at the South Pole
Although the South Pole is one of the most remote sites in the world, there exist decades of continous observations of weather conditions from this location. During the past 10 years, meteorological observations at the Pole have been supplemented with data from the Micropulse Lidar Network, or MPLNET [9] . MPLNET is a network of autonomous and semi-autonomous lidar stations located around the world. The lidar at the Pole is deployed in the Atmospheric Research Observatory (ARO) at the Amundsen-Scott Station.
The MPLNET lidar at ARO is well-suited for observations of clouds and aerosols. It operates by pulsing a vertically-oriented 532 nm laser beam into the atmosphere and recording the backscattered laser light using a mirror and photosensor next to the laser [10] . The laser power P observed from a scattering site at height r above the lidar station is given by
where C is a system constant, E is the laser energy per pulse, O(r) is a geometry factor describing the overlap between the laser beam and mirror field of view, β is the backscatter coefficient of the air at distance r, D(P) is the deadtime of the photosensor, and T 2 (r) is the two-way transmission of the beam from the laser to the scattering point r and back to the receiver:
The quantity σ is the attenuation coefficient of air, which (neglecting absorption) is just the volume scattering coefficient. The additional terms a(r, E) and b in eq. (2.1) are noise due to PMT afterpulsing and sky background, respectively. The presence of clouds and aerosols increases the scattering coefficients β and σ of the air, and so clouds appear as strong reflections and echoes in the observed laser power (see Fig. 1 ). The MPLNET project provides a noise-subtracted, range-corrected version of P(r) for public download.
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This quantity, called the normalized relative backscatter
is also corrected for drifts in the energy of the laser and the geometric overlap between the mirror and the laser beam. P NRB depends only on the backscatter coefficient β , the volume scattering coefficient σ , and the undetermined system response constant C. 
Cloud Detection Analysis
In the presence of a weak return lidar power with a poor signal to noise ratio, there exist several algorithms for the automatic detection of cloud boundaries [11] . However, our interest is mainly in the detection of clouds in the troposphere, a region of high signal to noise where most of the Cherenkov light in an air shower is produced. Clouds in the lower troposphere are of particular interest because they can attenuate light between air showers and the detector. We found that a simple threshold on P NRB is sufficient to detect the optically thick clouds in the troposphere that can affect observations with air Cherenkov telescopes.
The detection algorithm works as follows. First, a cloud mask is produced by applying a threshold to P NRB . For example, Fig. 2 shows the clouds identified by setting a threshold of 0.2 PE km 2 µJ −1 µs −1 on the data in Fig. 1 . The threshold was optimized by looking at several months of data from 2004, comparing cloudy days to clear days with and without subtraction of the molecular scattering component of the atmosphere.
Once a cloud mask was produced, we looked for spatially and temporally contiguous regions of cloud, e.g., removing any region that is cloudy for < 15 minutes. All remaining regions were classified as clouds. To produce a conservative estimate of the base height for each cloud (i.e., the altitude of the lower edge of the cloud), we drew a bounding box around each identified cloud and reported the lower horizontal edge of the box as the altitude of the cloud base.
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Optical Livetime at the South Pole Segev BenZvi Figure 4 : Cloud coverage fraction at the South Pole, obtained with four different thresholds on P NRB . Small clouds which cover < 15 minutes in the lidar data were removed from the sample before producing the coverage histogram. Figure 3 shows the atmospheric profiles from the MPLNET station at ARO from April to September 2005, which roughly covers the dark period of austral winter. Visual inspection of the figure shows alternating periods of clear and cloudy conditions, with the bulk of the clouds and heavy aerosols appearing near ground level.
Cloud Coverage and Base Height Distribution
To automatically identify the cloud coverage and base height distribution during this period, we applied several thresholds on P NRB . The thresholds are too high to catch optically thin aerosols, such as the "diamond dust" which causes the areola of scattered light around bright light sources at the Pole, but they are sufficient to select regions with optically thick clouds.
A histogram of cloud coverage from the 2005 and 2006 austral winters is shown in Fig. 4 . Four separate thresholds on P NRB were chosen (ranging by a factor of 3) to estimate systematic uncertainties in the choice of threshold. The data are expressed in terms of the fraction of each day with clouds, with any clouds covering < 15 minutes removed from the sample. While the results vary depending on the choice of threshold, in all cases we observe a fairly bimodal distribution, with the most common conditions being completely overcast or completely clear in each 24-hour period. Figure 5 shows the distribution of the base heights of clouds observed with two thresholds on P NRB and two minimum duration lengths for selecting clouds (15 minutes and 20 minutes). Most of the optically thick clouds and aerosols observed at the Pole occur within 1 km of the surface of the ice sheet; these clouds would produce significant down time for an optical detector on the surface. The clouds between 1 − 4 km would not necessarily preclude telescope operations, but would constrain measurements of air showers if observations of shower maximum are required. Clouds
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Conclusions
If we account for the number of days with relatively little cloud coverage at the Pole, defined as < 30% coverage per day, combined with all periods that have clouds > 4 km above the surface, we find that the total period suitable for observations of air showers (with shower maximum) ranges between 35% and 55%. The uncertainty depends on the choice of threshold for P NRB . Since the dark period at the South Pole lasts about 40% of the year, we expect that the total livetime of an air Cherenkov telescope at the pole will be < 20%, similar to the livetime of telescopes in the middle latitudes.
If we relax the demand that shower maximum is observed -for example, observation of the shower maximum is not needed for the telescope to act as a cosmic-ray air shower veto -then the telescope livetime will increase because data-taking can occur on during periods with more cloud coverage. The maximum expected livetime during the dark period would be ∼ 60% in this case.
